Objectives: 1) Characterize changes in the surgical treatment of anorectal melanoma over time. 2) Determine if the extent of surgical resection is associated with outcome. 3) Identify prognostic factors correlating with survival.
A norectal melanoma is rare, accounting for 24% of mucosal melanomas, 4% of anal canal tumors, and less than 1% of all melanomas. 1, 2 Lesions are difficult to diagnose because many are amelanotic and patients present with nonspecific complaints such as anal discomfort or rectal bleeding. Although more than 70% of patients will present with localized and apparently curable primary tumor, mean survival is only 2 years despite optimal surgical therapy. [3] [4] [5] [6] [7] [8] The majority of patients die of distant metastases. Overall 5-year survival is less than 20%, in sharp contrast to 80% survival for primary cutaneous melanoma. 2 There has been a debate in the literature regarding the extent of surgery necessary for treatment of primary disease. Early studies have suggested that aggressive treatment of the primary anorectal lesion with abdominoperineal resection (APR) was associated with improved outcome, possibly due to regional lymphadenectomy. 8, 9 However, other studies, describing local excision (LE) of the primary anorectal lesion, without regional lymphadenectomy, have reported similar patterns of recurrence and survival with no significant increase in local failure. 4,7,10 -12 All studies are concordant with the fact that relapse is usually distant and lethal.
Concurrently with these recent studies, we have noted a trend in our own institution toward less radical resection of the primary lesion. The purpose of this study was to characterize changes in the surgical approach to anorectal melanoma patients over a 20-year period at Memorial Sloan-Kettering Cancer Center (MSKCC), determine the relationship between extent of operation and outcome and attempt to define prognostic factors by examining clinicopathologic data.
PATIENTS AND METHODS
A retrospective review identified 62 consecutive patients with anorectal melanoma treated at MSKCC between 1984 and 2003. Thirteen patients presented with metastatic disease and 3 patients were lost to follow-up. Forty-six patients with primary anorectal melanoma underwent curative resection. The date of recurrence could not be determined for 1 patient; however, date and cause of death were discerned. Ten patients with localized disease presented prior to 1993 and may have been included in a previous report by our institution. 8 However, because a systematic analysis of clinicopathologic factors had not been examined previously, these patients were included in the current study.
Tumor specimens from 38 patients were available for review and were examined by a single pathologist (J.S.). Clinical characteristics, extent of resection, and histopathology were examined. Histopathologic features, including nodal status, thickness, maximum diameter, number of mitoses per mm 2 , presence or absence of melanin pigment, extent of mural involvement, histologic type (spindle cell vs. epithelioid), lymphovascular invasion, perineural invasion (PNI), ulceration, in situ melanoma, and necrosis were examined.
Disease-specific (DSS) and recurrence-free survival (RFS) were analyzed using the Kaplan-Meier product-limit method and the significance of clinicopathologic variables were measured by the log-rank test. Continuous variables such as age, diameter, and thickness were examined using the Cox proportional hazards regression analysis. The Fisher exact test was used to analyze associations between 2 variables, the Pearson 2 test was used to analyze associations between more than 2 variables, and the Mann-Whitney U test was used to compare nonparametric groups. Multivariate analysis was performed using the Cox proportional hazards regression method.
RESULTS

Demographics
The median age of the 46 patients comprising the study cohort was 59 years (range, 35-89 years). Twenty-eight patients were female and 18 were male. Nineteen patients underwent an APR, and 27 patients underwent a LE. Four patients in the LE group underwent either a sentinel lymph node biopsy (2) or lymph node dissection (2) of the inguinal lymph node basin. One patient in the APR group underwent a therapeutic inguinal lymphadenectomy. The median tumor diameter was 22 mm (range, 1.5-60 mm) and median thickness was 7.3 mm (range, 1.1-26 mm) ( Table 1 ). Nine patients in the APR group and 14 patients in the WLE group received postoperative adjuvant therapy, including interferon, temozolamide, dacarbazine, and immunotherapy based regimens. No patient received adjuvant radiation therapy.
Treatment Changes Over Time
During the 20-year period under consideration, a generalized shift in treatment paradigm was noted in 1997, correlating with the publication of two seminal studies. 7, 8 The change in treatment approach is illustrated in Table  2 . From 1984 to 1996, 21 patients were treated for primary anorectal melanoma and 15 of these (71%) underwent APR. In contrast, from 1997 to 2003, 25 patients were treated and 21 of these (84%) underwent LE (P Ͻ 0.001) ( Table 2) . Thickness and diameter of the tumor were unchanged during this period. In addition, pattern of relapse, time to relapse, and disease-specific mortality remained similar in these two cohorts ( Table 2 ; Fig. 1 ).
Patients Undergoing APR Versus LE
Patients undergoing APR tended to have lesions of greater thickness compared with those undergoing LE. The median thickness in the APR cohort was 11.0 mm (range, 1.1-26 mm) compared with 7.2 mm (range, 1.1-19 mm) in the LE cohort, but was not significantly different ( Table 1) . The location and diameter of the lesion, age and sex of the patient, incidence of PNI, ulceration, necrosis, and other histologic characteristics did not correlate with the type of operation performed or the time period during which it was performed.
Outcome
With a median follow-up of 39 months for survivors, the median DSS was 39 months and 5-year DSS was 34%. Of the 46 patients that underwent curative resection, 34 (74%) relapsed with a median RFS of 10 months and a recurrence rate of 53% at 1 year. The majority of patients failed at distant sites with or without local recurrence: 13 with distant, 9 with both distant and locoregional, and 12 with locoregional sites ( Table 3) . No difference in relapse pattern was seen between those patients treated with LE or APR. Five of 19 (26%) patients treated with APR and 7 of 27 (26%) patients treated with LE were noted to have local recurrence as the first site of relapse. Ten of these patients underwent a salvage operation for localized disease. Two patients were treated with Median RFS was significantly less in those patients with tumor necrosis, and there was a trend toward worse DSS in this cohort as well. Interestingly, only 2 patients had both tumor necrosis and PNI.
Tumor size was also associated with outcome. Patients with tumors measuring more than 2 cm in diameter had shorter DSS. Tumor thickness, when analyzed as a continuous variable, predicted worse DSS with a hazard ratio of 1.1 ͓1.0, 1.1͔. Tumor histologic type was associated with recurrence, but not with survival. Tumors with pure epithelioid histology were less likely to recur compared with tumors showing pure spindle cell or mixed histology. The presence of regional nodal metastasis was not associated with disease recurrence or survival in patients who underwent APR or LE. Other pathologic features such as ulceration, lymphovascular invasion, presence of melanin, and in situ melanoma had no association with outcome. 
Multivariate Analysis of Disease-Specific Mortality
Twenty-seven patients had complete data available for multivariate analysis. Tumor PNI was the only independent predictor of DSS with a HR 3.4 ͓1.2, 9.9͔ (P ϭ 0.02; Table 5 ). Tumor thickness and diameter were not significant factors by multivariate analysis.
DISCUSSION
There has long been a debate regarding the extent of resection necessary to optimally treat anorectal melanoma. 9, 13, 14 Because of the rarity of this disease, small retrospective studies provide the only guidance for treatment planning. The benefits of LE are clear and include quicker recovery from a less invasive procedure, minimal impact on bowel function, and no need for a stoma. However, this approach does not address the importance of regional lymph nodes, which are one of the most significant predictors of outcome in primary cutaneous melanoma. 15 A previous series of 56 patients with localized anorectal melanoma treated with either APR or LE treated at our institution between 1929 and 1993 favored regional lymphadenectomy with 9 of 10 long-term survivors in the APR group. Two of the long-term survivors had positive mesenteric lymph nodes, 1 in the APR group and 1 in the LE group, who subsequently underwent therapeutic pelvic lymphadenectomy. 8 However, it is noteworthy that the rate of isolated local recurrence was comparable in patients undergoing LE and APR in that series. Additional reported series of LE for anorectal melanoma have not observed high rates of isolated regional relapse leading to the hypothesis that regional relapse is not the basis of patient demise. 4,7,10 -12 Our own institutional practice has evolved toward LE, and the current study represents an evaluation of practice patterns and outcomes for patients with anorectal melanoma treated at MSKCC over the past 20 years. Our data confirm that the majority of resections currently performed for anorectal melanoma at MSKCC are LE when feasible ( Table 2) . Despite a clear change in practice patterns, we observed no significant difference in outcome ( Fig. 1) , with 75% of patients recurring regardless of the extent of resection. This suggests that the extent of surgical therapy is not associated with the rate of local recurrence or survival in anorectal melanoma. We hypothesize that systemic dissemination is an early event in tumorigenesis and by the time the lesion is clinically apparent, micrometastases are well established. It is clear, therefore, that efforts should be focused on multimodality therapy to improve outcome in this lethal disease. 16, 17 Although outcome was generally poor for the entire cohort, we were able to identify risk factors associated with survival. Factors such as gender, presence of melanin, depth of invasion, and lymph node metastases have been previously studied with varying results. 3,6 -8 Brady et al 8 found a trend toward better survival for female gender; however, we were not able to confirm this finding in the current series. No survival benefit was seen in either gender group. Thibault et al were unable to correlate depth of tumor invasion with recurrence. 7 In our series, patients with thin tumors tended to have a better DSS, but this was not statistically significant on multivariate analysis.
The need for regional lymphadenectomy has been at the center of the debate regarding extent of resection for anorectal melanoma. Inguinal, pelvic sidewall, and mesorectal lymph nodes are at risk for metastases from anorectal lesions. During APR, mesorectal lymph nodes are resected en bloc with the primary tumor. However, as alluded to previously, the significance of regional lymphadenectomy is unclear. 7, 8 In the current study, lymph node metastases did not predict outcome in patients who underwent APR. Additionally, no survival difference was seen in the 5 patients who underwent inguinal sentinel lymph node biopsy. Since lymph node disease at any basin did not predict outcome in the current study, we conclude that nodal disease may not carry the same biologic significance as in cutaneous melanoma.
In the present series, histologic features were associated with relapse and survival. Tumors with necrosis, PNI, and, less significantly, spindle cell histology and larger diameter were associated with poor outcome. Regardless of surgical approach, all patients who had tumors with either necrosis or PNI recurred with a median RFS of 6 months or less. The presence of tumor necrosis appears to be an important histologic feature, representing a biologically more aggressive tumor. Five of 6 patients with this finding died within 26 months, compared with 7 of 29 patients without tumor necrosis during the same time period, although this was not statistically significant. The only significant prognostic factor associated with long-term survival was tumor PNI. Interestingly, tumor PNI has also been identified as an independent predictor of disease recurrence and survival in other intestinal cancers such as rectal cancer. 18 -20 In contrast to cutaneous melanoma, factors such as lymphovascular invasion, ulceration, and nodal status were not associated with outcome in patients with anorectal melanoma. Recent genetic analyses demonstrate molecular differences between cutaneous and mucosal melanomas. Mutations in exon 15 of B-raf are found in up to 69% of primary cutaneous melanomas, but no mutations have been found in any of the 13 mucosal melanomas examined. 21, 22 Given the clinical, biologic, and molecular differences, mucosal and cutaneous melanomas may be distinct disease entities.
CONCLUSION
There is no convincing evidence to indicate that radical resection of primary anorectal melanoma is associated with improvement in local control or survival. Patients with localized disease should undergo LE whenever technically feasible. This approach aims to minimize morbidity and maximize quality of life in a disease that, even when localized, is rarely curable. Because anorectal melanomas are rare, staging of the disease has previously been limited to local, regional, and distant disease. The presence of PNI is an important prognostic factor and should be considered in future clinical trials. Further study of the molecular mechanisms of anorectal melanoma oncogenesis and tumor progression is needed to develop innovative treatment paradigms that may ultimately impact outcome.
